Introduction
Suicide accounts for nearly 800 000 deaths worldwide each year (World Health Organization, 2014) . More than 90% of patients who die by suicide have a mental disorder, most commonly major depression, occurring in half to two-thirds the suicide victims (Mann, 2003; Hawton et al., 2013) . Among patients with depression, comorbidity with other mental disorders including alcohol abuse, anxiety disorders, and personality disorders has been recognized as risk factors for suicide (Henriksson et al., 1993; Hawton et al., 2013) . Physical diseases, especially chronic diseases such as chronic obstructive pulmonary disease, cancer, spine disorders, asthma, and stroke, are also known to be important contributors to suicide risk (Waern et al., 2002; Webb et al., 2012; Crump et al., 2014) . Depression is highly prevalent and most individuals who die by suicide receive some form of medical care in the year preceding their death (Ahmedani et al., 2014) . Therefore, the identification of risk factors for suicide attempt among patients with depression in healthcare settings is essential.
Beyond medical co-morbidities, pro-inflammatory states have been linked to suicidal ideation and suicide attempt in recent studies. Increased blood levels of inflammatory markers such as tumor necrosis factor-alpha, and interleukin-6, have been reported in patients with a history of suicidal ideation or behavior compared with non-suicidal control subjects (Dieperink et al., 2004; Black and Miller, 2015) . Several studies to date have investigated the association between suicide risk and C-reactive protein (CRP) specifically, an acute-phase protein known to index systemic inflammation. While two studies with small sample sizes showed no significant association between CRP and suicide (Karlovic et al., 2012; Vargas et al., 2013) , several other studies demonstrated a positive association (O'Donovan et al., 2013; Courtet et al., 2015; Batty et al., 2016; Gibbs et al., 2016; Loas et al., 2016; Priya et al., 2016; Melhem et al., 2017; Park and Kim, 2017; Caceda et al., 2018) .
While the presence of chronic disease and elevated levels of systemic inflammation are both risk factors for suicide, the independent contribution of these factors to risk remains unclear (Turecki and Brent, 2016) . In the aforementioned studies that demonstrated a positive association between CRP and suicide risk, two cross-sectional studies and one prospective cohort study have compared individuals with suicidal ideation (Park and Kim, 2017) , attempt (Priya et al., 2016) , and suicide completers (Batty et al., 2016) , with the general population. Other crosssectional studies examined the association of CRP and various levels of suicidal behavior in a psychiatric inpatient sample (Gibbs et al., 2016; Loas et al., 2016; Melhem et al., 2017) . Several studies examined the association between CRP and suicidal behavior within an inpatient population with depression (O'Donovan et al., 2013; Courtet et al., 2015; Chang et al., 2017; Caceda et al., 2018) . While these studies all found that elevated CRP was associated with an increased risk of suicidal ideation or attempt, there was only limited examination of the role of mental and physical diseases, which may have led to limitations in accurate estimation of the magnitude of the relationship between inflammation and suicide.
In order to examine the influence of chronic physical diseases and biological markers of systemic inflammation (i.e. CRP) on suicide attempt in patients with depression, we conducted a case-control study drawn from a sample of 15 841 patients with a diagnosis of a depressive disorder who received evaluation or treatment at an academic medical center between 2011 and 2015. In line with prior work, we hypothesized that a higher number of chronic physical diseases and mental disorders among patients with depression is associated with a higher risk of suicide attempt (Henriksson et al., 1993; Crump et al., 2014) . In addition, we hypothesized that elevated markers of systemic inflammation are associated with a higher risk of suicide attempt (Black and Miller, 2015) . Finally, we modeled the contributions of inflammatory markers and chronic physical diseases together in order to estimate the independent contribution of these factors to suicide risk.
Methods

Participants
This retrospective study utilized data extracted from the electronic medical records (EMR) of an academic medical center. Cases and controls were selected from all patients aged 18-65 with a diagnosis of depression during the period of 1 January 2011-31 December 2015. To define depression, International Classification of Diseases, Ninth Revision (ICD-9) codes 296. 2, 296.20-26, 296.3, 296.30-36, 296.82, 300.4, 311 (National Center for Health Statistics, Atlanta; , 2010) representing Major Depressive Affective Disorder Single or Recurrent Episodes, Atypical Depressive Disorder, Dysthymic Disorder, and Depressive Disorder Not Elsewhere Classified were used. In addition, our case definition of suicide attempters was individuals with at least one of ICD-9 codes E950-E959 or E980-E989 (Suicide and Self-inflicted Injury and Injury Undetermined whether Accidentally or Purposely Inflicted, respectively) given during 2011-2015, consistent with previous work (Gorton et al., 2016) . Our control definition was individuals without any of the suicide attempt codes, in addition to an absence of documented suicide attempt per medical records. A total of 1468 cases (depressed, suicide attempt+) and 14 737 controls (depressed, suicide attempt−) were thus identified; cases and controls were not matched. All research involved the collection of existing data that was provided to the investigators in a fully de-identified manner, and otherwise met criteria for exempt status according to the Program for the Protection of Human Subjects at Mount Sinai. Additional details of participant inclusion and exclusion criteria are discussed in the online Supplemental Methods in the Supplement.
Data extraction
De-identified demographic, clinical, and laboratory data were acquired from a hospital-wide database containing data available from the EMR. Demographic data included age, gender, and race/ ethnicity. Clinical data included diagnoses of both physical diseases and mental disorders. Chronic physical disease codes were categorized as follows: neoplasm, diabetes mellitus, chronic lung disease (asthma, chronic obstructive pulmonary disease), chronic heart disease (atherosclerosis, coronary artery disease, congestive heart failure, myocardial infarction), arthritis (rheumatoid, osteoarthritis), and stroke. Mental disorder codes were categorized as follows: dementia, psychotic disorders, bipolar disorders, anxiety disorders, obsessive-compulsive disorder, alcohol use disorders, and substance use disorders other than alcohol. Laboratory data of inflammatory markers were as follows: high-sensitivity CRP, white blood cell count (WBC) with differential, erythrocyte sedimentation rate (ESR), and vitamin D level, all of which have been associated with depression or suicide in previous studies (Garcia-Rizo et al., 2013; Grudet et al., 2014; Lopresti et al., 2014) . We focused on CRP as our primary biological marker of systemic inflammation, given its known association with depression and established validity of indexing systemic inflammation (Harrison, 2015) . Additional details of data collection are discussed in the online Supplemental Methods in the Supplement.
Data analysis
All available variables were compared between the cases and controls. These comparisons were done in the full sample (cases: N = 1468; controls: N = 14 373) and in the sub-sample of individuals who had CRP data available (cases: N = 172; controls: N = 1158). To examine the association between candidate risk factors and suicide attempt, we implemented logistic regression models with the stepwise addition of covariates. First, in the full sample, we sought to identify associations between chronic physical diseases and mental disorders (predictors), and suicide attempt (outcome), adjusting for demographic covariates including age, sex, and race/ethnicity. Then, in the sub-sample with available CRP values, we sought to examine the association between CRP level and suicide attempt, adjusting for the same demographic covariates as used in the full sample. Finally, we modeled the effects of CRP, chronic physical diseases, mental disorders, and demographic covariates on suicide attempt together in a single model in order to determine the magnitude of these effects while adjusting for the others. Odds ratios (ORs) and 95% confidence intervals (CIs) were obtained from logistic regression models. CRP level was treated as an ordinal variable with three levels corresponding to low (<1 mg/L), intermediate (1-3 mg/L), and high (>3 mg/L) according to the CDC guidelines (Pearson et al., 2003) , as well as a continuous variable in separate models. In analyses using continuous CRP level, natural log-transformed CRP was used due to a positively skewed distribution. Two-sided p values of <0.05 were considered statistically significant. All analyses were performed using the statistical package R version 3.2.3 (R Core Team, 2015) . Study methods and reporting conform to established standards for observational studies as defined by the STROBE statement (The PLOS Medicine Editors, 2014).
Results
Demographic and clinical characteristics of the sample are reported in Table 1 . Chronic physical diseases were more common among patients with depression who made a suicide attempt (i.e. cases) compared with patients with depression who did not make a suicide attempt (i.e. controls), with 56.0% of the cases exhibiting at least one chronic physical disease compared with 26.6% of the controls ( p < 0.001). Among the largest group differences in disease types were chronic lung disease (34.9% v. 12.2% in cases and controls, respectively), and diabetes (21.6% v. 5.4%). Comorbid mental disorders were significantly more common in the cases compared with the controls: 74.9% of cases had at least one mental disorder in addition to depression, compared with 29.1% of controls ( p < 0.001). The most notable differences were in the presence of a substance use disorder other than alcohol (44.3% v. 6.0% in cases and controls, respectively), anxiety disorder (40.8% v. 14.4%), and alcohol use disorder (26.2% v. 3.8%). Comparisons between the full study sample and the CRP-available sample are presented in the online Supplemental Results 1 in the Supplement.
Compared with having no chronic physical disease, having one (OR 3.62, CI 3.15-4.16), two (OR 6.40, CI 5.27-7.76), and three or more (OR 14.94, ) diseases was significantly associated with increased odds of suicide attempt, adjusting for age, sex, and race/ethnicity (Table 2) . Modeling disease type revealed that the largest effect of disease by type on suicide attempt was diabetes (OR 4.42, ), followed by chronic lung disease (OR 3.70, . Compared with having no comorbid mental disorder, having one (OR 3.89, CI 3.37-4.49), two (OR 11.78, , and three or more (OR 56.67, ) was associated with a large increase in odds of suicide attempt, adjusting for age, sex, and race/ethnicity. Among mental disorder types, having a substance use disorder other than alcohol was associated with the largest magnitude of increased odds for suicide attempt (OR 7.06, ). Detailed analyses that take into account types of physical disease and mental disorder are presented in online Table S1 in the Supplement.
Next, we examined the association between systemic inflammation indexed by biological markers in the blood, and risk of suicide attempt. Among the markers we tested (CRP, ESR, WBC, and vitamin D), only CRP and ESR levels were found to be significantly different between the cases and controls (online Table S2 in the Supplement). The distribution of raw and logtransformed CRP values is shown in Fig. 1 . In the unadjusted model, patients with CRP > 3 mg/L had about twice the odds of suicide attempt compared with the patients with CRP < 1 mg/L (OR 1.90, CI 1.24-3.02; Table 3 ). The association between CRP and suicide attempt remained significant after controlling for age, sex, and race/ethnicity (OR 1.84, CI 1.18-2.95). When controlling for a number of mental disorders, CRP remained significantly associated with suicide attempt (OR 1.71, CI 1.05-2.89).
When modeling the influence of both CRP and the presence of physical disease on suicide attempt, the association between CRP and suicide attempt was no longer significant ( p = 0.24). Having one (OR 4.07, CI 2.43-6.97), two (OR 7.40, CI, , or three or more (OR 16.20, ) physical diseases still conferred increasingly greater risk of suicide attempt (Table 3) . When age, sex, race/ethnicity, number of chronic physical diseases, and number of mental disorders were all included in a single regression, CRP was again not a significant predictor of suicide attempt risk (OR 1.30, CI 0.77-2.25). A similar pattern of results was obtained when the effect of individual types of physical diseases on suicide risk was modeled (online Supplementary  Table S3 ), and when CRP was treated as a continuous rather than a categorical variable (online Supplementary Tables S4 and  S5) .
As the time lapse between the measurement of CRP and the outcome event may affect the results, we performed separate analyses using only CRP values that were measured within 6 months (N = 386), 6 months to 2 years (N = 436), and 2 to 5 years (N = 508) preceding the outcome event. The descriptive statistics of these time lapses are reported in online Supplementary  Table S6 . The magnitude of the association between CRP level and suicide attempt was similar across the different timeframes (online Table S6 in the Supplement).
Linear regression models of CRP and chronic physical disease are presented in online Supplemental Results 2 and Table S7 in the Supplement.
Discussion
In a large sample (N = 15 841) drawn from a population of patients with depression receiving care at an urban medical center, we found that physical disease comorbidity was a large risk factor for suicide attempt. The presence of one, two, and three or more physical diseases increased the odds of a suicide attempt by a factor of 3.6, 6.4, and 14.9, respectively. Comorbidity between depression and other mental disorders was likewise associated with a large increase in the odds of making a suicide attempt. The presence of one, two, and three or more mental disorders in addition to depression increased the odds of a suicide attempt by a factor of 3.9, 11.8, and 56.7, respectively. Patients with a CRP value >3 mg/L had approximately twice the odds of suicide attempt compared with patients with a CRP value of <1 mg/L. However, CRP was no longer associated with suicide attempt after adjusting for the presence of chronic physical diseases. Our findings confirm physical and mental disorders, and systemic inflammation, as important risk factors for suicide attempt among treatment-seeking patients with depression, and further estimate the relative magnitude of these effects.
Our findings replicate and extend previous studies examining risk factors for suicide. Our sample with depression had a higher proportion of females, consistent with prior results (Weissman et al., 1993) , and had 29% comorbidity between depression and chronic diseases, similar to 23% comorbidity reported worldwide (Moussavi et al., 2007) . In the current study, diabetes, chronic lung disease, neoplasm, and arthritis were significantly associated with increased suicide attempt risk, consistent with prior work (Waern et al., 2002; Webb et al., 2012) . Prior work showing an association between physical disease and suicide did not necessarily control for the potential confounding effect of depression, Psychological Medicine E95, Suicide and Self-inflicted Injury; E98, Injury Undetermined whether Accidentally or Purposely Inflicted. a Race and ethnicity were not clearly separated in the records, with representation in both categories. In the majority of instances, classification of race and ethnicity were consistent. For practical purposes and purposes of statistical power, the categories were collapsed. Unidentified race or ethnicity data were considered 'Other.' b Number of mental disorders excludes depression, which is present in all individuals.
which is independently associated with both the presence of chronic disease and with suicide risk (Webb et al., 2012) . Since all subjects in the current study had depression, our results show that the presence of chronic physical disease is a large risk factor for suicide attempt, over and above depression. Furthermore, while several previous studies looked at the association between suicide and specific individual diseases (Waern et al., 2002) , our results suggest that comorbidity of multiple diseases confers substantially higher odds of suicide attempt than would be anticipated from a simple additive model of risk. Separately, we found that the presence of a mental disorder in addition to depression increased the risk for suicide attempt dramatically; one additional diagnosis increased the odds of a suicide attempt nearly 4-fold. Prior work has shown anxiety (OR 1.59), alcohol abuse (OR 2.47), and substance abuse (OR 2.66) to be associated with suicide in depressed patients (Hawton et al., 2013) ; our results also highlight dementia, psychosis, and bipolar disorder as important risk factors for suicide attempt in patients who initially received a diagnosis of depression. We found an association between elevated CRP and ESR with increased risk of suicide attempt, replicating previous smaller scale findings of CRP and suicide (Courtet et al., 2015; Gibbs et al., 2016) in a larger number of suicide attempters. In our study, the association between CRP and suicide attempt was no longer significant when controlling for types or number of chronic physical diseases. Although some prior studies have reported a positive association between CRP and suicide risk without explicitly controlling for chronic medical conditions (O'Donovan et al., 2013; Gibbs et al., 2016; Priya et al., 2016) , there has been four studies that found CRP as an independent contributor to suicide risk even after controlling for physical diseases to a varied extent (Courtet et al., 2015; Batty et al., 2016; Park and Kim, 2017; Caceda et al., 2018) .
An important difference between our design and two of these four studies is that all 15 841 individuals in our study had depression, which is one of the highest risk factors for suicide, and is itself associated with inflammation (Raison and Miller, 2011) . These studies, Batty et al. (2016) and Park and Kim (2017) , examined individuals within the general population, potentially failing to differentiate suicidal ideation or attempt from depression, which exhibit an overlap of at least 50% (Holma et al., 2014) . The remaining study of Courtet et al. examined 600 depressed inpatients, but defined suicide attempt as 'having a lifetime history of suicide attempt,' and excluded all patients with CRP > 10 mg/L from the analysis, for the possibility that high CRP likely indicates acute infection (Courtet et al., 2015) . In our study, patients with CRP > 10 mg/L represented 29% of patients with available CRP values. High CRP (>10 mg/L) is known to provide 
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meaningful information about inflammation and all-cause mortality (Hamer et al., 2010) , and excluding these individuals disproportionally selects for those with lower chronic disease risk, healthier behaviors, and fewer psychological characteristics linked to increased disease risk (Shanahan et al., 2014) . Furthermore, even though high CRP may indicate acute infection, hospitalization with infection has been associated with suicide deaths in a recent nationwide cohort study (Lund-Sorensen et al., 2016) . Therefore, excluding certain thresholds of CRP to rule out infection can potentially distort true associations between CRP and suicide risk.
Another important difference between our findings and those of past studies is a definition of 'chronic physical disease.' Courtet et al. defined chronic physical disease as a dichotomous variablenone v. having at least one disease (Courtet et al., 2015) . Considering that we found higher risk with increasing comorbidity of diseases and certain types of diseases, previous results may not have captured the full range of influence of chronic diseases. Park et al. also controlled for number (but not types) of chronic diseases (Park and Kim, 2017) . Batty et al. and Caceda et al. both controlled for many types of physical diseases similar to our methods, yet direct comparison of results is difficult because of distinct study population. In contrast to a relatively sicker and older patient population of our study, Batty et al. focused on the general population and Caceda et al. on younger psychiatric inpatients. Caceda et al. used suicidal ideation, not attempt, as a dependent variable.
Overall, our findings may be explained by several factors. The experience of a chronic physical illness is a known stressor, and stress from multiple sources is a critical component of modern theories of suicide (Mann, 2003; van Heeringen and Mann, 2014) . It has long been known that physical diseases are linked to psychological risk factors that may increase the risk of suicide, such as hopelessness (Beevers and Miller, 2004) , entrapment (Taylor et al., 2011) , and burdensomeness (Cukrowicz et al., 2011) . Inflammation, which commonly accompanies physical diseases, is itself associated with suicide risk (O'Donovan et al., 2013; van Heeringen and Mann, 2014; Black and Miller, 2015) . Therefore, physical illness may lead to increased suicide risk through multiple pathways, including by acting as a non-specific stressor, by exacerbating specific psychological risk factors for suicide, and by increasing systemic inflammatory signaling. While we found that the effect of inflammation on risk of suicide attempt was explained by chronic physical disease, more research is warranted to clarify the mechanism of how inflammation influences suicide risk in different populations such as physically healthy populations with depression.
An important question remains whether CRP is a 'state' marker of risk, associated with acute suicidality, or a 'trait' marker of risk, associated with chronic elevated risk. Recent literature has reported conflicting findings on this topic (Chang et al., 2017; Caceda et al., 2018) . Our results show that CRP measured within three different time frames, within 6 months of suicide attempt (prior to the event), between 6 months and 2 years, and between Our study has several strengths. It is unique in its design focusing exclusively on patients with depression, and inclusion of a relatively large sample compared with previous studies. Drawn from a hospital-wide database, our sample was not limited to inpatients, and consisted of patients receiving care at various clinical settings. We also used CRP values preceding outcome, defined as suicide attempt in cases and last medical documentation of non-suicidality in controls, which can preclude falsely elevated CRP due to tissue damage after suicide attempt. The EMR data allowed us to run additional analyses controlling for the time lapse between the CRP measurement and the outcome event. We were able to include a variety of routine clinical markers as variables potentially associated with a risk of suicide attempt. Finally, we included a full range of types and numbers of chronic physical diseases and mental disorders as covariates in our analysis.
This study has several limitations. Given the use of EMR, it was difficult to obtain data for all potentially confounding variables regarding the relationship between CRP and other predictor variables and suicide attempt. Factors such as depression severity, body mass index (Visser et al., 1999) , history of abuse (Danese et al., 2008) , socioeconomic status, rating of physical pain, lifetime history of suicide attempts, and extent of suicidal risk or ideation would have improved the robustness of our model, but were often missing or partially present in the EMR. Furthermore, creating a sample based on ICD-9 codes and laboratory values available on EMR had certain limitations. Using specific codes for suicide attempt, although common (Gorton et al., 2016) , can result in false positives and false negatives because it is difficult to differentiate accidents from purposeful self-injury in many acute patient settings. As the sample was defined as patients receiving evaluation and treatment at a medical center (inpatient or outpatient), our study may include patients who are sicker than the average population with depression. The sub-sample with available CRP data may also have been sicker compared with patients with depression in the general population, or patients in our full sample that did not have CRP available. Therefore, it may be difficult to generalize our findings to all patients with depression. Furthermore, because we limited our patient population to individuals with depression, our findings may not be applicable to individuals with other psychiatric disorders, including bipolar disorder, schizophrenia, alcoholism, substance abuse, and personality disorders (Mann, 2002) , as well as individual without any psychiatric diagnosis. Despite these limitations, the current approach allowed us to examine a wide range of types and numbers of chronic physical diseases and mental disorders as covariates.
In conclusion, we found that the presence of physical and mental comorbid disorders substantially increases the risk of making a suicide attempt among treatment-seeking patients with depression in a medical center setting. Elevations in circulating markers of systemic inflammation like CRP are likewise associated with risk of suicide attempt, however, these markers do not appear to contribute additional information regarding risk among patients with chronic physical diseases. Our findings suggest that health care providers, especially primary care providers who manage a wide array of chronic conditions, should carefully consider the risk of suicide attempt in patients who present with depression and co-occurring chronic physical diseases. Moreover, mental health providers caring for patients with depression should likewise monitor the course of chronic physical diseases. The routine use of CRP measurement in the assessment of suicide risk is not supported by our study.
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